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The  authors  are  grateful  for  the  skillful  assistance  of  Walter  O. 
Baentsch,  Instrument  Section,  who  fabricated  the  glassware  described 
herein. 


ABSTRACT 


A  method  has  been  devised  by  which  the  cholesterol  uptake  of  serum  can  be 
measured  on  volumes  as  small  as  1.2  ml.  Equipment  by  which  this  procedure  can  be 
carried  out  is  described.  Key  to  the  use  of  the  smali  volumes  is  a  flexible  plastic 
incubation  chamber  and  a  unit  in  which  filtration,  centrifugation,  and  pipetting  can 
be  carried  out  without  the  necessity  of  transferring  the  filtrate  to  another  vessel. 
The  equipment  is  useful  for  other  laboratory  procedures  which  involve  filtration  of 
small  volumes.  The  procedure  used  in  micro  measurement  of  cholesterol  uptake  is 
described. 


This  technical  documentary  report  has  been  reviewed  and  is  approved. 


ROBERT  B.  PAYNE  // 
Colonel,  IISAF,  MSC 
Chief,  Operations  Division 


A  MICRO  METHOD  FOR  MEASURING  CHOLESTEROL  UPTAKE 


1.  INTRODUCTION 

An  earlier  report  (1)  from  this  laboratory 
(leseribed  u  method  for  incubating  serum  with 
solid  cholesterol  and  measuring  the  cholesterol 
uptake  (the  increase  in  cholesterol  concentra¬ 
tion  in  the  serum  after  the  incubation).  The 
method  utilized  15  ml.  te.st  tube.s  as  incubation 
vesscLs  and  an  oi’dinary  laboratory  funnel  fitted 
with  a  filtei-  paper  as  a  filtration  device.  To 
pi'ovide  an  adequate  volume  of  filtrate  after 
the  incubation,  it  was  necessa)'y  to  use  relative¬ 
ly  tar,ge  volumes  of  sei’um  in  each  incubation 
tube.  Some  serum  was  lost  by  absorption  to 
the  filter  paper  and  to  the  solid  i>articles  of 
cholesterol.  The  latter  loss  was  paidicularly 
noticeable  in  those  tubes  to  which  the  larger 
quantities  of  cholesterol  had  been  added.  The 
total  volume  requii'ed  for  a  determination  of 
cholesterol  uptake  was  26  cc.  of  serum,  obtain¬ 
able  from  approximately  60  cc.  of  whole  blood. 
Obviously,  this  volume  of  lilood  is  too  large 
for  use  in  studios  on  small  laboratory  animals 
or  human  beings  when  the  measurements  must 
be  reiieatod  at  intervals  of  a  few  hours. 

'I'he  limitations  of  the  macro  method  led  to 
the  develotnncnt  of  a  micro  method  for  measur¬ 
ing  cholesterol  uptake.  In  developing  the  mici’o 
method,  the  two  major  i)robloins  were  (a) 
to  decrease  the  volume  of  serum  isapiired,  and 
(b)  to  sepaivilo  the  serum  and  residual  choles¬ 
terol  without  concentration  of  the  filtrate  by 
evapoi-ation  and  with  minimal  loss  in  filler 
])aii(!r,  pipels.  etc.  'I’he  leiinireincnl  for  use 
of  small  volumes  of  serum  without  danger  of 
concentration  due  to  evai)oration  ruled  out  the 
possibility  of  vacuum  filtration  to  separate  the 
(holesterol  from  the  serum  after  in<ad)ation. 
Centi'ifugation  alone  was  inadequate  because 
small  cholesterol  particles  sometimes  floated 

licn-civfil  ftir  {Kililiriit  itiii  nn  b  A|iril  IW*?.. 


on  the  serum.  Filtration  was  therefore  re¬ 
quired.  Transfer  of  the  incubated  serum  from 
incubation  chamber  to  centrifuge  tube  and 
thence  to  filtration  apparatus  entailed  unac¬ 
ceptable  los,seK  in  volume.  Therefore  a  unit  was 
devi.sed  in  which  centrifugation,  filtration,  a.nd 
pipetting  could  be  accomplished  without  trans¬ 
fer  of  the  sei'iim  fi-om  one  vessel  to  another, 
ttonducting  the  incubation  itself  in  the  same 
vessel  in  which  centi-ifugal  ion  and  filtration 
were  to  be  accomplishetl  proved  impracticable. 
The  o<inipmenl  now  used  therefore  includes 
two  units:  (a)  the  filtration  unit  and  (b)  the 
incubation  chamber. 

2.  Al'PAUATirS 

The  design  of  one  of  the  filtration  units 
is  illustrated  in  figui'e  1.  This  apparatus  is 
e.ssentially  a  U  tube  in  which  the  straight  arm 
has  been  cut  to  provide  a  flat  surface  on  the 
upper  end  that  serves  as  a  seat  for  the  small 
filter  paper  disc.  A  short  length  of  plastic 
tubing  attached  to  the  upper  end  serv(!S  as 
the  connecting  tubing  into  whicdi  the  scpiai’e 
cut  end  of  I  Ins  in  e-filter  is  inserted.  This 
connecting  tubing  keei)s  I  lie  filler  paiier  di.sc. 
compres.sed  l)e1\ve('n  the  flat  surfaces  of  the 
pre-filler  and  the  lop  of  the  filtration  unit. 
This  arrangement  is  similar  to  the  filter 
(le.scribcd  by  I’regl  and  (li'ant  (2).  On  the 
other  arm  of  the  ll-shaiied  filtration  unit  is  a 
bull)  (cai)acily  apin'oximatcly  0..'5  ml.)  in  which 
to  Jiccunndalc  the  fillride.  'I'he  outlet  from  the 
bidb  is  the  pi))el,  which  is  simply  a  continuation 
of  the  c<i|iillaiy  tubing  di'awn  into  a  delivery 
lip  and  calibrided.  "  he  two  sides  of  the  U  iii'c 
drawn  closely  together  n:  that  the  whole  unit 
can  fit  inside  the  nndal  centrifuge  .shield  which 
accommodates  oi-dinai-y  15  ml.  centrifuge  tubes 
and  be  centi  ifiiged  in  an  oi'dinary  laboratory 
ceiiliifuge  such  as  an  lidernational  model  V 
or  SVlt,  o<|uipp('d  with  ii  s  dtable  head  and 
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trunnion  ring-H.  After  the  entire  unit  i.s  as¬ 
sembled,  filtration  and  centi’ifugation  ean  be 
accomplished  in  one  step.  Aftei-  separation  of 
the  fluid  from  the  residue,  the  filtrate  collects 
in  the  bulb  and  can  be  expelled  via  the  outlet 
tube,  which  hiis  been  caiibralod  as  a  pi])et. 
Thus,  measured  volumes  of  the  filtrate  can  be 
dispensed  dii'ectly  without  loss  due  to  transfer 
operations. 

The  most  .satisfactory  incubation  chambei' 
consists  of  a  clo.sed  ring  of  plastic  tubing,  as 
illustrated  in  figure  2.  An  8-cm.  length  of 
plastic  tubing  with  internal  diameter  of  5  mm. 
is  charged  with  cholesterol  and  serum,  and  bent 


into  a  circle.  The  circle  is  closed  by  joining 
the  ends  together  with  a  Vi-inch  piece  of  stiff 
polyethylene  tubing  having  an  outside  diameter 
of  6  mm.  and  an  internal  diameter  of  3  mm. 
This  incubation  chamber  is  I'otated  by  a  suita¬ 
ble  mechanical  apparatus.  As  the  unit  rotates, 
the  cholesterol  and  serum  mixture  flows  along 
at  the  lowest  point  of  the  loop.  This  motion 
continuou.sly  agitates  the  mixture  and  repeated¬ 
ly  wets  the  inside  walls  of  the  loop,  as  well  as 
any  adhering  cholesterol  crystals.  There  is  no 
possibility  for  some  of  the  cholesterol  crystals 
to  escape  contact  with  the  serum. 

The  rotating  device  is  pictured  in  figure  3. 
A  small  electric  motor  rotates  the  large  disc 
at  a  speed  of  16  r.p.m.  The  ring  incubation 
chambers  hanging  on  the  pegs  projecting  from 
the  large  di.se  turn  at  a  speed  of  5  to  8  r.p.m. 
Their  rate  of  rotation  is  a  function  of  the 
ratio  of  the  circumference  of  the  peg  to  the 
inner  circumference  of  the  ring  incubation 
chamber.  One  can  vary  the  speed  of  rotation 
of  the  incubation  chambers  by  varying  the 
diam.der  of  the  pegs.  As  the  circumference  of 
the  peg  is  increased,  the  speed  of  rotation  of 
the  incubation  chamber  also  is  increased  except, 
of  cour.se,  that  the  speed  of  rotation  of  the 
disc  i.s  the  limiting  speed.  Too  rapid  rotation 
of  the  chambers,  however,  leads  to  poor  mix¬ 
ing  of  serum  a)id  cholesterol.  In  use,  the  rotat¬ 
ing  disc  is  placed  inside  an  oven  or  incubator 
at  the  desired  temperature  to  maintain  con¬ 
tinuous  rotation  of  the  incubation  chambers 
for  the  desired  lime. 

An  integral  part  of  the  use  of  the  plastic 
tubing  incubation  unit  is  a  short  length  of 
capillary  tubing,  the  “pre-filter”  unit,  used  to 
accomplish  filtration.  One  end  of  this  pre- 
fillei'  unit  is  cut  off  square  for  close  contact 
with  the  filter  paper  disc  when  the  flat  ends 
of  the  pre-filter  and  the  filtration  unit  are 
butted  together  with  the  filter  paper  disc  be¬ 
tween  (sec  figure  1).  The  other  end  of  this 
capillary  pre-filter  unit  is  tapered  to  provide 
ready  attachment  of  the  plastic  tubing  in¬ 
cubation  unit.  The  bore  of  the  capillary  tubing 
has  been  enlarged  at  this  end  as  shown  in 
figure  2  to  make  a  cup  into  which  a  small  piece 
of  glass  fiber  filter  paper  is  inserted  before  the 
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incubation  unit  is  attached.  This  “pre-filter” 
screens  out  the  cholesterol  cry.stal.s  and  pre¬ 
vents  their  accumulation  in  the  bore  of  the 
capillary  tubiiiK.  Experience  in  choo.sinK  the 
right  amount  of  glass-fiber  filter  paper  to  in¬ 
sert  into  the  cup  is  indispensable.  Too  large  a 
piece  is  apt  to  become  dislodged;  too  small  a 
piece  fails  to  keep  the  cholesterol  crystals  out 
of  the  capillary  tube.  With  experience,  however, 
satisfactory  results  can  be  obtained  routinely. 

For  use  in  an  incubation  experiment,  the 
pre-filter  is  assembled  with  the  filter  paper 
disc  and  attached  to  the  filtration  unit  as  shown 
in  figure  1.  After  incubation  of  the  serum 
with  cholesterol  in  the  plastic  ring  chamber, 
the  ends  of  the  incubation  chamber  are  dis¬ 
engaged  from  the  connecting  piece  and  one  end 
is  inserted  over  the  free  end  of  the  capillary 
pre-filter  unit.  Filtration  can  then  be  ac¬ 


complished  by  centrifuKiition  of  the  entire  ap¬ 
paratus.  However,  a  piece  of  glass  tubing  must 
be  inserted  over  the  outside  of  the  plastic 
chamber  to  prevent  it.s  bending  when  centrif¬ 
ugal  force  is  applied  in  the  cc'ntrifuge.  It  has 
been  found  more  convenient  to  accompli.sh  fil¬ 
tration  by  the  use  of  aii'  pressure  from  an  or¬ 
dinary  rubber  squeeze  bulb  or  an  air  pressure 
line.  A  T  lube  is  inserted  in  the  air  line,  as 
shown  in  figure  1.  Whon  the  air  pressure  is. 
turned  on,  finger  pre.wure  on  the  open  end 
of  the  T  can  be  used  to  control  the  air  pressure 
on  the  fluid  at  the  filler  and,  hence,  the  rate 
of  filtration. 

An  alternate  design  of  the  filtration  unit  is 
simply  a  length  of  capillary  tubing,  one  end  of 
which  has  been  cut  off  square  and  the  other 
end  of  which  has  been  drawn  out  to  serve  as 
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a  piijcl.  This  unit  is  connected  to  the  pre- 
filter  unit,  in  place  of  the  U-ahaped  filtration 
unit  'I'ho  assembled  apparatus  is  supported  in 
an  upriKht  position,  and  filtration  occurs  under 
the  force  of  gravity  combinod  with  the  effect 
of  capillai'y  atti’action.  Freciuonlly  this  method 
of  filtration  is  almost  as  Kood  as  the  use  of 
j)i-essure  because  there  is  loss  tendency  of  the 
crystals  to  pack  around  the  small  pluR  in  the 
upper  end  of  the  pre-filter  unit.  The  lonf?, 
straiK'ht  capillary  tube  is  calibrated  for  use  as 
a  pijiot  so  that  dispensing  of  measured  volumes 
can  be  accomplished  without  transfer  to  intcr- 
riiediale  receptacdos.  In  lu'aclice,  the  use  of 
this  ajjparatu.s  is  complicated  by  the  fact  that 
frc((ucntly  air  bubblc.s  arc  trapped  within  the 
fluid  column  in  the  long  capillary.  Since  lliere 
is  no  bulb  in  which  bubbles  can  ri.so  to  the 
to])  and  be  expelled,  it  is  difficult  to  achieve 
a  continuous  fluid  column  in  the  long  ca|)il- 


larios.  To  get  I'id  of  the  bubbles,  the  fluid 
must  be  expelled  from  the  capillary  and  drawn 
u))  again. 

The  fii'st  incubaliou  chambci'  designed  is 
illustrated  in  figure  2.  II  is  es.scntially  a  small 
glass  chamber  in  the  form  of  a  bulb  with  a 
c.apillary  outlet  on  one  end  iuul  a  relatively  lai-ge 
opening  on  the  other  end  for  charging  the 
chamber.  The  delivery  end  of  the  capillary 
outlet  has  betm  cut  off  s(iuai’o  in  order  to  seat 
lightly  against  the  filter  paper  disc  and  the 
lo])  of  the  filtration  unit,  in  place  of  the  pre¬ 
filter  unit  (lesci'ibed  above.  In  actual  use  the 
chamber  would  be  charged  with  serum  and 
solid  choleslerol,  sto))])cred  with  a  ])laslic  stop- 
))er,  and  placed  in  a  suilablo  mechanical  ap¬ 
paratus  to  relate  the  chamber  gently  at  the 
desired  tempei'ature  for  a  periotl  of  4  hoiii's. 
After  incubation,  the  chamber  would  be  at¬ 
tached  lo  the  filtration  unit  and  the  serum 
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filtered  as  described  above.  Unfortunately, 
many  cholesterol  crystals  stuck  to  the  wall 
above  the  level  of  the  liquid  phase  and  escaped 
contact  with  the  serum.  Therefore  the  plastic 
ring  chambers  described  above  were  developed. 

Although  the  glass  incubation  chamber 
proved  unsatisfactory  for  measuring  cholesterol 
uptakes,  it  has  obvious  advantages  for  many 
micro  laboratory  procedures.  The  unit  is 
simple  in  design,  can  be  dismantled  easily  for 
cleaning,  and,  above  all,  affords  the  possibility 
of  providing  a  reaction  chamber  which  can  be 
connected  to  the  filtration  unit  for  filtration 
or  centrifugation  without  the  loss  of  sample 
in  transferring  from  one  vessel  to  another. 
Retention  of  fluid  in  the  tiny  filter  paper  disc 
i.*"  minimal.  The  usefulness  of  this  apparatus  is 
apparent  in  applications  involving  preparation 
of  small  amounts  of  precipitate  and  separation 
of  the  filtrate  for  subsequent  analysis.  The 
Increasing  use  of  micro  laboratory  technics  sug¬ 
gests  widespread  applicability  of  this  apparatus, 
as  in  micro  methods  for  deproteinizing  serum 
and  analyzing  the  filtrate  (3,  4) . 

3.  METHOD 

The  routine  procedure  for  micro  determina¬ 
tion  of  cholesterol  uptake  utilizes  the  plastic 
tubing  incubation  chamber.  The  chambers  are 
charged  with  the  desired  amounts  of  cholesterol 
and  of  serum,  as  shown  in  table  I,  which  also 
shows  the  control  samples  used.  The  ends  of  the 


chambers  are  joined  by  the  plastic  connecting 
link,  and  the  resulting  circular  chambers  are 
placed  on  pegs  on  the  rotating  disc  and  in¬ 
cubated  at  37°C.  for  4  hours.  The  filtration 
unit,  filter  paper  disc,  and  pre-filter  unit  are 
assembled  as  shown  in  figure  1.  At  the 
completion  of  the  Incubation  period,  the  closed 
incubation  chamber  is  opened,  one  end  is  at¬ 
tached  to  the  capillary  pre-filter  unit,  and  the 
other  end  to  tlie  pressure  line,  as  indicated  in 
figure  1.  Gentle  air  pressure  is  used  to  effect 
filtration.  The  volume  of  filtrate  is  usually  not 
less  than  80  /il.  when  0.2  ml.  serum  is  used 
for  the  incubation.  This  filtrate  is  analyzed 
for  cholesterol  by  the  procedure  of  Rosenthal 
et  al.  (G)  and  for  lipid  phosphorus  by  the  meth¬ 
od  of  Bartlett  (6). 

4.  DISCUSSION 

A  comparison  of  the  results  of  measurement 
of  cholesterol  uptake  by  the  micro  and  macro 
methods  is  appropriate.  It  must  be  emphasized 
that  the  cholesterol  uptake  measured  with 
either  procedure  is  probably  the  net  difference 
between  the  cholesterol  solubilized  and  the 
lipoprotein  denatured  or  ad.sorbed  during  the 
incubation  (7).  Since  the  macro  and  micro 
procedures  utilize  different  apparatus,  it  is  con¬ 
ceivable  that  they  may  give  different  choles¬ 
terol  uptakes  with  some  serum  samples.  A 
comparison  of  the  uptake  measured  on  two 
serum  samples  by  both  macro  and  micro  pro¬ 
cedures  is  presented  in  table  II.  While  there 


TABLE  I 


Tube  contents  and  handling  for  micro  measurement 
of  cholesterol  uptake 


Tube 

Volume 

of 

serum 

(ml.) 

Choi 

(rape.) 

cstcrol  added 
(mj?./ml.  .serum) 

Incubated 

Filtered 

Controls 

Nonincubated 

0.2 

0 

0 

No 

No 

Incubated 

0,2 

0 

0 

Yea 

Yes 

Tubes 

A 

0.2 

8 

40 

Yea 

Yea 

B 

0.2 

16 

80 

Yes 

Yes 

C 

0.2 

24 

120 

Yes 

Yes 

D 

0,2 

32 

100 

Yea 

Yes 

E 

0.2 

40 

200 

Yea 

Yes 
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TABLE  II 

Cholesterol  uptake  measured  in  two  different  serum  samples  by  both 
macro  and  micro  methods 


Tube 

Cholesterol 
added  (mg.) 

Cholesterol  concentration 

Serum  A 

Serum  B 

In  filtrate 

Change  from 
control 

In  filtrate 

Change  from 
control 

Macro 

Micro  1 

Macro 

Micro 

Macro 

Micro 

Macro 

Micro 

(mg./lOO  ml.) 

Controls 

Nonincubated 

0 

221 

221 

— 

— 

264 

268 

— 

— 

Incubated 

0 

228 

229 

— 

— 

_  1 

273 

— 

— 

Tubes 

A 

40 

207 

261 

38 

23 

272 

297 

18 

26 

B 

80 

271 

270 

42 

42 

267 

300 

3 

29 

C 

120 

276 

284 

46 

66 

270 

308 

16 

37 

D 

100 

298 

299 

69 

71 

288 

306 

84 

34 

E 

200 

312 

— 

83 

— 

271 

301 

17 

30 

is  marked  similarity  between  the  two  methods 
on  serum  A,  the  patterns  given  by  the  two 
methods  differ  in  serum  B.  The  change  from 
the  control  cholesterol  concentration,  as  meas¬ 
ured  by  the  micro  method,  is  more  consistent, 
although  the  figure  to  be  taken  as  the 
cholesterol  uptake  (1)  would  be  34  and  37 
mg./lOO  ml.  for  the  macro  and  micro  methods, 
respectively. 


This  example  illustrates  our  experience 
that,  although  the  micro  method  may  give  a 
pattern  somewhat  different  from  that  given 
by  the  macro  method,  the  micro  method  is 
perhaps  the  more  consistent  procedure.  This 
characteristic  is  achieved  together  with  the 
advantage  that  the  micro  method  requires  a 
total  of  only  1.4  ml.  serum  for  determination 
of  the  cholesterol  uptake,  using  a  series  of 
five  incubated  tubes  plus  two  controls. 
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